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. Introduction
Brushless DC motor is the product of the combination of frequency conversion technology and DC motor. It has the characteristics of high efficiency, low noise, high speed regulation, little vibration, wide speed range and long service life. The following is a brief introduction to the control and working principle of Brushless DC motor for braking.
Control Scheme
In the second chapter, the overall framework and working principle of the full electric braking system are expounded, and the control principle block diagram of the full electric braking system is given. In this chapter, we will focus on the working principle and control scheme of Brushless DC motor in the full electric braking system. In the second chapter, the braking and skid proof of the full electric braking system can be explained as follows: in the course of braking and anti-skid, the braking moment has a pressurization process and a pressure release process. When braking, motor rotation and start receiving instruction through a transmission mechanism on which drives the ball screw drive brake device in the stator end preset a short stroke, in the process of this travel is no brake torque, the motor can be thought of as a no-load state. The brake disc device in still round free rotation (static disk not touching the moving disk), so at this time to take the control is double closed loop control of speed loop and current loop, improve the system response. When the moving disc and static disc to begin contact, brake torque began to produce, and with static plate forward to increase, then the motor brake load increases rapidly, the motor speed decreased, soon moved to the low speed and high load operation state, the overload will enter into the locked state. In order to avoid tire pulling and maintain proper braking torque, the commutation circuit in the motor must ensure the commutation of the motor in real time. The brake torque depends on the rotating shaft of the motor output torque of the size, and the electromagnetic torque is the size of the current through the motor armature in the calculation, it is possible to control the brake device in dynamic and static friction torque of the brake disc size by controlling the output current of the motor size. When the anti-skid controller calculates that the brake wheel has a tendency to drag the tire, it needs to output an antislip control signal (to reduce the brake pressure). When the motor receives the antiskid rapid reversal signal, through a transmission mechanism on the ball screw will exit quickly, disk brake pressure quickly disappeared, and no longer produce brake friction torque and wheel tire to avoid entering the state.
According to the above analysis, a complete braking and anti-skid process can be divided into 3 parts: the initial empty travel stage, the pressure brake stage, the pressure relief, anti-skid stage, as shown in figure 1. When braking, the braking torque produced by the friction of the moving and static discs starts from zero to the beginning and has the response time of the output. The response time of the quick decompression is related to the rotational speed of the motor when it is anti-skid. In the braking device, the size of the braking torque is only related to the magnitude of the electromagnetic torque generated by the motor, that is to say, the magnitude of the braking torque is related to the magnitude of the current flowing through the motor armature. As can be seen from figure.1, the control system frame of the full electric brake is mainly composed of three parts. The motor speed loop and motor current loop are closely related to the motor. The magnitude and direction of the current in the motor directly reflect the magnitude and direction of the electromagnetic torque output on the motor shaft, and the displacement of the ball screw directly reflects the magnitude of the braking pressure. According to the working principle of the full electric braking system, the system has a high response to the motor, whether it is braking or anti-skid process. Especially the slip process, if not timely response to the rapid reversal of motor, the ball screw is not quickly quit from the exit to the position of the brake position, caused brake wheel tire lock. So it is very important and necessary to improve the response speed by setting up the motor speed control in the full electric braking system frame.
In view of the rapid response of the motor in the electric braking system, this paper presents the motor control scheme as shown in figure 2. 
Control Principle
The motor is regulated by internal and external double closed loop control system. The internal and external control links are: current control link and speed control link. The control mechanism as follows: in the initial no-load idle stroke stage, the system is an inner current loop and an outer speed ring. In this process, the load is small, approximate no-load (mainly inter agency friction), when the current increases, the motor speed is rapidly increased. Enter the brake stage after the ball screw will quickly pressed static disc on the moving disk, providing brake torque for aircraft, the motor load increases rapidly, the motor speed decreased rapidly, the regulation is not good even when the motor blocking phenomenon. In the braking stage, the controller automatically switches the control mode to the mode that the electromagnetic torque generated by the motor is the main control object. At this time, the controller can adjust the output pressure of the motor shaft to ensure that the motor always operates under a suitable electromagnetic torque. When the controller determines that brake wheel locking, tire trends are nonslip pressure relief signal into this slip stage, the motor automatically and quickly converted into reverse and speed control, through the transmission mechanism on the ball screw drive quickly exit, loosen the static disc, release the brake pressure.
Mode of Motor Conduction and Commutation Control
In this section, the principle of the motor is discussed with the example of two-phase conduction star type six state unipolar brushless square wave motor. As shown in Figure 3 , when the motor rotor comes to the Figure 3 (a) position, the acquisition of the magnetic pole position signal, the control circuit generates a logic transform drive inverter, the power switch immediately switched on, the winding A, B power, current direction from the A into the B, so the armature winding the space group in the synthesis of magnetic potential Fa (a), as shown in Figure 3 . At this time, the stator magnetic field interaction, drag the rotor clockwise rotation. The current path is as follows: power supply positive pole, winding A, winding B, power negative. The rotor rotates 60°, arrived in Figure 3 (b) in this position, the position sensor output position signal, the logic transformation after the next group switch, winding A, C immediate power, the current direction is A in C, so the armature winding in the space synthesis in Figure 3 (b) magnetic potential in Fa. Then the stator magnetic field continues to interact, dragging the rotor still clockwise rotation. The current path is as follows: power supply positive pole, winding A, winding C, power negative. Following this, when the rotor continues clockwise, the power switch turns in accordance with the predetermined logic after each turn of 60° so that the rotor will continue to rotate clockwise in the direction of the stator resultant magnetic field. In the 60° range of Figure 3 (a) to the (b), the rotor magnetic field rotates continuously in a clockwise direction, while the stator composite magnetic field remains in space in Figure 3 (a) , and the position of the Fa remains constant. Only when the rotor magnetic field rotates 60° to reach the Ff position in Figure 3 (b) , the stator synthesis magnetic field will jump from the Fa position in Figure 3 (a) to the position of Figure 3 (b) . The synthesis of stator magnetic field in the space is not continuous rotation of the magnetic field, but a jump type rotating magnetic field, each step angle is 60°. In Figure 3 , when the rotor of the motor is turned 60°, the switching unit between the inverters will carry out a commutation, and the magnetic state of the stator will change once. Therefore, the motor has a total of 6 magnetic states, each state is between the two conduction, each phase conduction current flowing through the time equivalent to the rotor to rotate 120°, so the inverter is called 120° conduction type inverter. In the actual environment, these signals will also be affected by some external factors such as electromagnetic interference, which are often very serious, which must be considered at the beginning of the design. The ideal waveforms for each phase current, back EMF, Holzer signal, and MOFET trigger signal are shown in Figure 4 . 
Concluding Remarks
Aircraft electric braking system is the direction of development, In Boeing or Airbus, the study of electric braking system has entered the practical stage, while relying on the electric brake good data feedback, automatic control system for aircraft upgrade, in order to achieve the purpose of saving cost and more safety. Domestic manufacturers should as soon as possible to carry out research in this area, in the existing technical ability is insufficient, can introduce the third party manufacturers to cooperate. So it not only can temporarily avoid difficulties, improve the domestic brake and to improve the level of the development of domestic aircraft in the international market competitiveness.
